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Versatile Delivery Catheter

RELATED APPLICATIONS
[8081] The present application claims priority to 1S, Provisional Patent Application Ser.
No. 63/602.310 entitled “Versatile Delivery Catheter” and filed November 22, 2023, All
above-noted applications are hereby mcorporated by reference m their enfiveties.

BACKGROUND

[6082] Catheters designed for mterventional diagnosis and treatment of vascular disease have
been utilized for more than 30 years. Catheters serve as facilitating devices in inferventional
medical procedures, requiring a delicate balance of rigidity for navigating the vasculature
effectively and flexibility to maneuver through mitricate and winding blood vessel pathways.
These catheters also play a dual role, delivering therapies and offering convenience to the
distal part of the artery, which can involve tasks such as imaging, aspiration, or delivering
other medical components such as wirves or probes.
(6003} Guidewires, equally cmicial in interventional procedures, are specifically designed for
navigation, vistahization, and facilitating the delivery of catheters to access and mamtain
distal vasendar access. In the context of procedures i the brain's blood vessels, which are
becoming mcreasingly vital for addressing acute stroke events and other interventions, the
torfuons paths of these vessels pose a significant challenge in reaching target locations.
Lileewise, many other vessels withm the body also feature winding pathways, mtensifying the
complexity of accessing specific targets.
[0084] Guidewires are routinely employed to establish access within a vessel, whether it's a
blood vessel or another vascular structure. Typically, the guidewire is positioned at an early
stage of a procedure, and then additional intervention devices can be gaided over the

gidewire to reach the intended target location. Following the placement of these devices, the
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suidewire may or may not be removed for the renwainder of the procedure, making 1t a vital
tool for catheter exchange.

[80835] Given the intricate nature of blood vessels, particularty in the brain, it becomes
advantageous to have an infravascular tool that combines the best attribwtes of both a
sutdewire for exchange and a catheter for therapy. Such a versatile tool could significantly
enhance the efficiency and precision of interventional procedures, especially 1 complex
vascular scenarios.

[8006] Aneurysm treatment, often referred to as "Coiling,"” mvolves repairing defects i
arteries, such as aneurysms, by Inserting a cotl to prevent finther complications.

[8087} Angioplasty 18 a medical intervention where a catheter with an mflatable balloon s
used to open narrowed or obstrueted arteries or vems, improving blood flow.

[6068] Stenting is a procedwre in which a stent is deploved within an artery to address
narrowing or blockages, maintaining a clear passage for blood flow.

[6089] In nenrovascular stroke therapy {thwombectomy), a catheter 15 emploved to remove
obstructions with aspiration or other mechanical means within the arteries, thereby restoring
blood flow. This 1s a critical procedure for addressing stroke-related conditions.

{8610} Ischemic strokes are offen caused by clots within cerebral arferies, leading to blocked
blood flow and deprivation of blood supply to brain tissues. Reducing the impact of this
blood flow interruption is time-sensitive, with a priorty on restoring blood flow as quuckly as
possible. The cerebral arterv system is complex, highly branched, and cirenitous, requiring
medical treatment devices specially designied to navigate this wndricate network for optimal
placement.

[6011] Advances in interventional technology have mntroduced delivery of catheters as an
imtial step in cerfain procedures, such as those identified above. Despiie these innovations,

some existing devices lack the combination of desirable features.
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{8812} Due to the limtations of current devices i the marketplace, the inventor recognized a
need for alternative solutions that address the above challenges. The mnventor addifion
recognized a need for any new catheter designs to enhance the efficiency and safety of
catheter-based medical procedures.

SUMMARY OF ILLUSTRATIVE EMBODIMENTS
[8013} The present dicclosure relates to mmproved methods and mstrumentation for
performing vascular interventional procedures involving the use of catheters. In some
embodiments, the methods and instramentation focus on the effective delivery of various
catheters to distal vascular anatomy while ensuring that vascular access remaing infact and
manamizing the risk of additional complications. Various methods and mstrumentation
described heremn are applicable to a range of complex interventional medical procedures,
including, in some examples, neurovascular stroke therapy (thrombectomy), anenrysm,
angioplasty, and stenting.
[0014] A key disadvantage with many of the forementioned complex interventional
procedures i3 that a variety of specialized catheters have been created using customized
uxtervention designs. While the existing catheter designs may be well-suited for a specific
purpose, in some jnstances, medical personnel will discover that the nstially deploved
catheter is not suitable for the ongoing procedure. This, in turn, can create timing and/or
safety concerns m exchanging mstrumentation or otherwise trying to work with il adapted
instrumentation for the present medical condition.
[8015] One challenge lies in the hub which is located at the proximal end of the catheter and
complicates catheter removal. Freguently, the bub is built-in or otherwise not readily
detachable to allow for catheter removal withont remeving the gnidewire that has already

been positioned at the procedure sife. Even where the hub may be detached, removal of the
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catheter can resulf in a “free floating™ gmide wire that nugrates from the desired position
during catheter removal.

[8016] In one aspect, the present disclosure relates to methods and instrumentation for
securing the position of a flexible extending element {e.g., guidewire, microcatheter, etc.}
while exchanging oufer instrurpentation (e.g., an outer delivery element) such as one catheter
for another cathefer. In some embodiments, the position of the flexible extending element is
secured by removable or releasable deployment of an external securing system designed to
prevent forward and backward movement of the guidewire, thereby effectively locking the
present position of the gnidewire. The external securing system {e.g., nucrocatheter, metal
tubing {“hypotube™), sleeve, ete.) may also aid m preventing blood loss during the procedure.
In some embodiments, a shape of the flexible extending element is modified to enable or
prevent movement. In one example, a cwrved {e.g., “S”-shaped} portion of the flexible
extending eleruent may be straightened by an external support element (e.g., microcatheter,
hypotube, sleeve, etc.), thereby enabling forward and backward movement of the flexible
extending elemient. In another example, a curved {e.g., “S”-shaped} external support elenment
{e.g., mucrocatheter, hvpotube, sleeve, efc.) may be shd upon a portion of the flexible
extending element, thereby frictionally retaining the flexible extending element within the
curved portion.

[8817] In some embodiments, a wedge element 15 disposed over the flexsble extending
element, such that the wedge blocks backward migration of the flexible extending element
upon bumping against an oufer delivery element (e.g., microcatheter or catheter). The wedge
element, for example, may be formed to snngly fit betwween a puidewire and a microcatheter,
such that the wedee element may be slid between the nucrocatheter and the guidewire to hold

the gruidewire m place.
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[6018] In some embodiments, a stretchable retention sleeve is provided surrounding at least a
portion of the length of the flexible extending element. The retention sleeve, for example,
niay mechanically retain the position of the flexible extending element via compressive force
against the retention sleeve. In operation, the retention sleeve may be stretched over the
proximal end of the flexible shaft such that the refention sleeve 15 applving compressive force
to both the proximal end of the flexible shaft and an exposed section of the flexible extending
element proximal to the proximal end of the Hexible shaft. The retention sleeve, for example,
nay be sufficiently thin to allow the advancement of additional sheaths, shafts, and/or
catheters over the outer diameter of the flexible shafi, ensuring a seamless exchange or
movement of medical devices within the vasculature.

[8019] In some embodiments, to facilitate this secure attachment, the flexible shaft s
designed with differential diameters, such that the proximal end of the flexible shaft where
the sleeve element would be pulled over 1s simaller in diameter than a region distal to this
section. The multi-diarseter design, for example, will enable effective accommodation of the
sleeve element while enswring additional external instrumentation {catheter, sheath, etc.} can
be maneuverad through forfuous vascular pathwavs with precision and nunimal risk. Despite
multiple external diameters, an interior diameter of the flexible shaft, i some
implementations, is consistent. In illustration, the mterior diameter may be 0.0197, while the
extertor diameter varies from 0.0627 10 0.082.7

{8020} After securing the position of the flexible extending element, in some embodiments,
exchange of delivery elemenis {e.g., catheters) is carried out, potentially replacing a present
catheter with a more appropriate catheter for the task at hand. To enable exchange, in some
implementations, a hub end of the delivery element is replaceably removed.

[0021} In one aspect, the present disclosure relates to an instrumentation system mcluding a

removal hub system configured fo engage with the proximal end of a delivery element {e.g.,
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catheter) having a holtow (e g., tubular) or multi-lumen shaft through which a flexible
extending elerpent can be guided o a procedure site via a tortuous vascular path. The
removable hub system, in some embodiments, inchides a shaft mating element for releasably
conntecting to each of the flexible shaft element and a hub elament. The shaft mating element
may nchude or be smrounded by a two-piece locking shaift element configured to close
around the proximal end of the debivery element. The pieces of the two-piece locking shaft
element, for example, may be hinged on one edge and mclude mating lock elements on
another edge to releasably close around the circumference of the proximal end of the catheter.
The proximal end of the catheter, for example, may include a larger diameter end section, and
the two-piece locking shaft element may narrow at 1ts distal end such that the end section is
captured by the two-piece locking shaft element.  The larger diameter end section, for
example, may enable ease of mamipulation when locking the hub element to the flexible shaft.
[8022] The removable hub system, in some embodiments, includes a locking shaft element
configured to releasably surround the circumference of the proximal end of the catheter and
having at least one connector element for releasably connecting an mstiiument hub. The
mstrument hub, for example, may be condigured to receive a grdewire, a fluid or other
therapeutic substance, and/or additional mstrumentation. The locking shaft element, for
example, may include a threaded end for releasably engaging the complementary threaded
emd of the mstrumentation hub. In another example, the locking shaft element may include a
first portion of a luer lock connector configured to engage an instrumentation hub having the
second portion of the luer lock connector.

[8023] In some embodiments, a removable hab system includes a tubular extension for
mating with a delivery element (e.g., catheter). The tubular extension may be formed of rigid

or semi-rigid material. The tubular extension, for example, may be formed of a metal tubing,
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such as a hvpotube. In another example, the tubular extension may be formed of one or more
polymers.

[8024] The rubular extension, in some embodiments, inclades one or more mating features
for frictionally mating with an interior surface of a lumen of the dehivary element. The
mating feature(s), m some implementations, are formed of a ngid material snuntlar in greatest
diameter {o an mntertor diaeter of the proximal end of the delivery element, such that the
deliverv element stretches to spugly fit over the mating feature(s). In some implementations,
the mating feature(s) are formed of a flexible material designed to displace, deform, andfor
compress when inserted info the hunen of the delivery element such that, after insertion, the
mating feature(s) apply a fitctional force, thereby retaming the position of an mseried section
of the tubular extension i a proximal end of the delivery element. The mating feature{s}, in
some examples, may mclude one or more barbs, ramp or wedge surfaces, ledges, wings,
bumps, and/or protrusions. The mating feature(s) may be arranged to countact the interior
stirface of the delivery element lumen over a length of the delivery element of at least one
centimeter. The mating feature{s) may be arranged o contact at least one fifith of the
circumference of the interior swface.

[8025] The mating feature(s), in some inplementations, are arranged on a protrusion
extending from the distal end of the tubular extension. The protrusion may be formed from
or anchored to an mterior surface of the tubular extension. The niting feature(s) mayv be
integral with or mounted to the profrusion. The protrusion and the mating feature(s) may be
designed to allow for fluid conmunication between the removable hub system and the
delivery element.

[6026] In some implementations, a proximal end of the delivery element includes more
mating feature(s) for frictionally mating with an interior surface of the tubular extension of

the removable hub system. The mating feature(s), in sone tmplementations, are formed of a
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rigid material sintlar i greatest diameter to an mterior diameter of the distal end of the
tubular extension of the removable hub system, such that the twbular extension strefches to
snugly fit over the mating feature{s}. In some implementations, the mating feature(s) are
fornied of a flexible material designed to displace, deform, and/or compress when inserted
uito the tubulat extension of the removable bhub system such that, after insertion, the mating
feature(s) apply a frictional force, thereby retanung the position of an inserted section of the
proximal end of the delivery element in the distal end of the tubular extension. The mating
feature(s), i some examples, may include one or more barbs, ramyp or wedge surfaces,
ledges, wings, bumps, and/or protrusions. The mating feature(s) may be arranged to contact
the interior surface of the tubular extension over a length of at least one cenfimeter. The
mating feature(s) may be arranged to contact at least one fifth of the circumference of the
interior surface of the tubular extension.

[oU27] In some implementations, the mating feature(s) of the proximal end of the delivery
element are arranged on a profrusion extending from the proximal end of the delivery
element. The protrusion may be formed from or anchored to an inferior surface of a lumen of
the delivery element. The mating feature(s) may be itegral with or mounted to the
profrusion. The protrusion and the mating feature(s) may be designed to allow for fluid
communication between the removable hub system and the delivery element.

[8828] In some mplementations, a distal end of the tubular extension of the removable hub
element includes one or more mating features configured fo frictionally and/or lockably mate
with one ot mwore corresponding mating featuires of a proximal end of the delivery element.
The mating features, in a first example. may include one or more protrusions configured to
mate with one or more detents, such as a ridge feature of one of the tubular extension or the
delivery element designed to mate with a valley feature of the other of the tubular extension

or the delivery element. In a second example, the mating features may mnclude a set of
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wedges or teeth within the hamen of the tubular extension destgned fo frictionally or lockably
inferlace with corresponding wedges or teeth within the lumen of the delivery element. In s
third example, the mating features may inchide a threaded connection configurad o lock the
tbular extension with the delivery element using 8 twisting motion.

[0029] In some mmplerpentations, an mterior lumen of the tubular extension includes a flared
diameter, such that the proxumal end of the delivery element may be inserted into the end of
the twbular extension of the removable hub system and pushed into the “funnel” shape of the
iterior surface of the twbular extension to a point where the proximal end of the delivery
element snugly fits within the mterior diameter of the tubular extension. In this manmner, the
ends may be more easily aligned, providing the benefit of swift connection m a surgical
sefting. The interior surface of the flared lumen of the mbular extension may include a
sticky, tacky, or textured surface finish designed fo frictionally retrain the proximal end of the
delivery element.

[806308] In one aspect, the present disclosure relates to methods and systems for selectively
extending the length of a delivery element, such as a catheter. A primary delivery element
{e.g., designed for manipulation by a medical professional outside of the body of the patient).
for example, may be designed to mterface with an extension delivery element to frictionally
or lockably mate the primary delivery element with the extension delivery element. The
connection mechanisms used fo connect the primzary delivery element with the extension
deltvery element may include any of the above examples presented in relation fo mating the
tubular extension with the delivery element. The primary delivery element, for example, may
be configured to interface at its proximal end with a removable hub system. The extension
delivery element, in a firther example, may be designed for increased flexibility andior

maneuverability for fraversing tortuous paths, such as paths within the nenrovascular system.
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[6031] In one aspect, the present disclosure relates to methods and systems for selectively
adjusting the flexibility of a segment of a lumen {e.g., delivery element, tubular extension of
a removable bub system, catheter, ete). A delivery element such as a catheter, in some
implementations, inchudes a grind or ont pattern through at least a portion of the thickness of
the material to enable wcreased flexibility. The grinding or cutting pattern, for example, may
be applied as a graduated spiral, where increased density of the cutting pattern corresponds to
a relative increase in flexibility. In the example of a metal hypotube, the metal lumen may be
spiral cnt and coated with a flexible material, such as a polvmer coating. The spiral cuf, for
example, mayv transfonm the rigid metal hypotube fo a flexible coil, where the flexibility
depends on the density of the spual cut {e.g., a tmmber of spirals per vt length). In another
example, applying an increasingly dense spiral cut may create a transition segment,
transitioning from a rigid hypotube section to a flexible section. The flexible section, for
example, may be configured to inferface with a flexible delivery element, such as a catheter.
In the example of a polyiner catheter, a segment of the catheter may be ground down mn a
constant or patterned thinning to increase flexibality. The grinding may be apphiedmm a
directional fashion, such that the resultant material is “tramed” to flex in a particular direction
{e.g., a steerable catheter end). In illustration, the grinding may be performed such that a
selected side (e.g., approximately one sixth to one half of the cireumference) of the catheter is
thinned in a consistent or graduated manner along a predeternuned length to encourage
increased flexibility in the divection oppostie of the selected side.

[0032] In some embodiments, a method for using a removable hub system includes
disconnecting an mstrumentation hub portion of the removable hob svstem from a locking
shaft element of the removable hub system, and removing the locking shaft element from
around the proximal end of an instrumentation delivery element {e.g., catheter) while a

flexible extending element {e.g., guidewire) 1s fed through the mstrumentation delivery
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elentent with a distal end disposed at a procedural site i a patient. The method may melude
removing the mstromentation delivery element while maintaming the flexible extending
element in position. The method may inclhade, prior fo removing removabde hob system,
fixing a position of the flexible extending element with an external securing system such that
the distal end of the flexible extending element 1s prevented at least from moving backwards
away from the procedural site. The method may mclude replacing the instrumentation
deliverv element with a different instrumentation delivery element having a proximal end
shaped for enclosure by the locking shaft element of the removable hub system. The method
may include securing the locking shaft element around the circuinference of the proximal
portion of the different msfrumentation delivery element and connecting the mstrumentation
hub portion of the removable hub system to the locking shaft element of the removable hub
system. If the position of the flexible extending element was previously fixed, the method
may include freeing the flexible extending element for movement.
[80633] The foregoing general description of the illusteative implementations and the
following detailed description thereof are merely exemplary aspects of the teachings of this
disclosure, and are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[8034] The accompanying drawings, which are incorporated in and constitufe a part of the
specification, itlustrate one or more embodmments and, together with the description, explain
these embodiments. The accompanying drawings have not necessarily been drawn to scale.
Anv valies dimensions illustrated in the accompanyving graphs and figures are for illustration
purposes only and may or may not represent actual or preferred values or dimensions. Where
applicable, sone or all features miay not be illustrated to assist in the description of

undertying features. In the drawings:
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[6035] FIG. 1 1s a cross-sectional view tlustrating a portion of a first example catheter
having a central lumen connected at the proximal end to a flexible extending element of a
first example removable buby,

[6036] FIG. 2A and 2B illustrate the proximal end of the catheter of FIG. 1 with and without
the first example removable hub system:

[8037} FIG. 3 illustrates an example locking shaft element for securing a removable hub
system fo the proximal end of a flexible shaft;

[8038] FIG. 4A through FIG. 4C illustrate an example versatile catheter system with a
second example removable hub system;

[0039] FIG. 5 iHlustrates the proximal end of a second examiple flexsble shaft including an
attachment element for releasably recetving a removable hub system;

[60408] FIG. 0A and FIG. 6B illustrate additional attachment element designs for connecting a
removable hub system to a flexible shaft;

[8041] FIG. 7 illusirates an example detachable fluid management system for coupling to the
proxmmal end of a flexible shaft;

[66842] FIG. 8 is a third example flexible shafl including a cnrved portion for selectably
locking a position of a flexible extending element within an internal lumen of the flexible
shaft;

[8843] FIG. 9A and FIG. 9B illustrate a first examiple wedge element for locking a posttion
of a flexible extending element relative fo a flexible shafi;

[0044] FIG. 9C illustrates a second example wedge element;

[8045] FIG. 104 and FIG. 10B illustrate an example sleeve-type guidewire position locking
mechamism for use with a flexible shatt;

[e046] FIG. 11A and FIG. 11B illustrate a third example removable hub system;



WO 2025/111467 PCT/US2024/056905

[8047] FIG. 12A through 12D illustrate example retention features for releasably coupling a
removable hub apparatus with a flexible shaft.
[8048] FIG. 13A through FIG. 13C illustrate a portion of an example removable hub system
mcluding a flared mibular member for mating with a flexible delivery element;
[o049] FIG. 14 slhustrates an example instrumentation system including a removal hub
system, a flexible delivery element, and an extension delivery element; and
[6050} FIG. 15A through FIG. 13C illustrate example material treatments for selectively
adjusting flexibility of segments of a flexible delivery element or other fubular member.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[8051] The description set forth below in connection with the appended drawings is intended
to be a description of various, illustrative embodiments of the disclosed subject matter.
Specific features and functionalities are described in connection with each illustrative
embodiment; however, it will be apparent to those skilled in the art that the disclosed
embodiments mav be practiced without each of those specific features and functionalities.
[8052} Reference throughout the specification to “one embodiment” or “an embodiment™
means that a particular featwre, structure. or characteristic described in connection with an
embodiment is included in at least one embodiment of the subject matter disclosed. Thus, the
appearance of the plrases “in one embodiment™ or “in an embodiment™ in various places
throunghout the spectfication is not necessarily refernng to the same embodiment. Further, the
particular featares, structures or characteristics mav be comabined in any suitable manner i
one or more embodiments. Farther, it is intended that emboediments of the disclosed subject
matter cover modifications and vaniations therepf.
[6053] It must be noted that, as used in the specification and the appended claims, the
singular forms “a,” “an,” and “the™ include plural referents unless the context expressly

dictates otherwise. That is, nnless expressly specified otherwise, as used herein the words
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a,” “an,” “the.” and the like carry the meaning of “one or more.” Additionally, 1t 15t be
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understood that terms stich as “left,” “right” “top.” “bottom,” “front,” “rear,” “side.”

5

“height,” “length.” “width,” “npper,” “lower,” “interior,” “exterior,” “mner,” “outer,” and the
like that may be used herein merely describe points of reference and do not necessarily hinut
embodiments of the present disclosure to any particular ortentation or configuration.

ik

Furthermore, ferms such as “first,” “second,” “third,” efc., merely identify one of a number of
portions, components, steps, operations, functions, and/or points of reference as disclosed
herein, and likewise do not necessarily limit embodiments of the present disclosure to any
particular configuration or ortentation.

2 <x

[0034] Furthermore, the terms “approximately,” “about,” “proximate,” “nunor varialion,”
and similar terms generally refer to ranges that inchade the identified value within a margin of
20%, 10% or preferably 3% in certain embodiments, and any values therebetween.

[0035] All of the functionalities desecribed in connection with one embodiment are intended
to be applicable to the additional embodiments described below except where expressly
stated or where the featwre or function 13 incompatible with the additional emmbodiments. For
example, where a given feature or function is expressly described in connection with one
embodiment but not expressly mentioned in connection with an alternative embodiment, i
should be understood that the nventors ttend that that featare or function may be deploved,
utihized or implemented m connection with the alternative embodiment unless the feature or
function 1s mcompatible with the alternative embodiment.

[8036] The present disclosure discusses a variety of solutions, many of which are
interoperable with a basic catheter, microcatheter, andior guidewire {generally referred to as a
“flexible shaft”™ or “delivery element™ herein}, configured to extend the ntilify and
mieroperability of the catheter design for enabling procedure stacking and/or switching while

maintaining the position of a flexible extending element {e.g., microcathefer or gridewire) at
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a procedural site. The Hexible chafl, for example. may be a conymonly nsed catheter
available on the market from a vanety of supphiers.

[3057] In some embodiments, the ntility and interoperability of a basic or eustomized flexible
shaft design is extended through inclnding removable connectors, such as thud hub systems,
mstrument bub svstems, and/or other proximally-coupled conirol elements nsed during a
medical procedure for introducing medical instruments and/or fluids at a procedure site. The
removable connectors, for example. may be infer-operable with the flexible shaft andior a
shaft mating element such that the removable connectors may be exchanged during a
procedure to allow for different therapeutic steps to be performed by a medical professional.
[0038] The removable connectors and/or other elements of a proximally-coupled control
element systen, in some implementations, can be treated with materials to assist in ease of
connection andfor removal. For example, various elements that may be included m 2
proximally-coupled confrol element system can be coated fo improve lubricity with
hvdrophilic andfor hyvdrophobic materials. In another example, the varions elements of the
proxmmatly-coupled control element system may be formed of or include an outer laver of a
non-stick nmyaterial such as a polvtetrafluoroethyviene (e.g., Teflon™ by Chemowrs Company
of Wilmington, Delaware).

[oU59] In some embodiments, the flexible shaft of various embodiments described herein is
an mproved catheter design configured for use in complex vascular procedures and offering
enthanced control, visibilitv, and overall effectiveness. The catheter, for example, may be
developed for sertion into both arterial and venous systems, thereby offering increased
versatility. Turning fo FIG. 1, a cross-sectional view of an example versatile catheter 100
itlastrates a hub 102 at the proximal end 108a and a flexible shaft 104 connected to and
extending from the hub 102, The flexible shaft 104 {e. g, catheter or microcatheter}, for

example, may inchide at least one hunen extending therethrough.
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[6060] In somme mnplementations, the flexible shaft 104 1s designed for coaxial delivery, such
that other medical devices andfor therapies may be provided both throngh the at least one
hmmen of the versatile catheter 100 as well as over the flexible shaft 104 of the versatile
catheter 100. The dimensions of the flexible shaft 104, in some examples, can be about 100
ci to 200 cm i length, or preferably about 120-170 cm in length, with a dismeter within a
range from 2 to 12 French (e.g., 0.6 mun to 4.0 mm). In a particnlar example, the flexible
shaft may be 140 cm long and 7 Fr in diameter. As described i greater detail below, regions
of the flexible shaft 104 may vary in inferior and/or exterior diameter.

[8061] The hub 102, in some implementations, is a removable feature that is releasably
aftached to the proximal end of the flexible shaft 104, The hub 102 may be released, for
example, to miroduce additional medical devices over the versatile catheter 100. In another
example, the hub 102 may be exchanged for another hub design, depending on the needs of a
current procedure. The hub 102, i some examples, may include a fuid management featare
{e.g., rotating hemostasis valve, port, or other mechanism} for use in infrodneing andfor
removing flurd. In some examples. the hub 102 may be used to mtroduce an unaging
contrast, introduce a therapeutic agent, provide aspiration of mternal fluid, andéor prevent
bloed loss. For example, the b 102, when added to the proximal end of the flexible shaft
104, may be configured to seal the passage provided by the lamen of the flexible shaft 104,
[8862] In some embodiments, the proximal end of the flexible shaft 104 13 composed of one
or more rigid or senu-rigid materials to provide for connection between the flexible shaft 104
and the hub 102, For example, a proximal section of the flexible shaft 104 designed fo enable
iterfacing with the hub 162 may be composed of metals and/or hard polymers. Allovs, such
as stainless steel and/or Nitinol®, may be used, in some mmplementations, to further enbance
the shape memory of a polvmer. In finther embodiments, the proximal secfion may be

cousfructed using a braid. A braid, for example, can be made from an alloy, such as stainless
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steel or Nitinol®. The braid can be bare or coated with a soft elastomeric polvmer. The
material selection of the proximal section of the flexsble shaft 104 may depend, in part, on a
type of connection made between the flexible shaft 104 and the hub 102 {e g, frictional,
threaded, etc.}. Hlustrative examples are described below.

[0063] In sone enbodiments, the flexible shaft 104 1s sufficiently flexible o bend along the
patient's vasculature or other series of vessels while having a rigidity that resists kinking or
folding. For example, a dwometer D of the material(s) composing the flexible shaft 104 may
be greater than 50. In another example, the material{s} composing the flexible shaft 104 may
exhibit a deflection force {e.g., the force required fo deflect the section of material to 90° as
measured by a force gange) withun a range of 6.2 N o 12.2 N. The deflection force values
may be measured i accordance with the Coronary, Peripheral, and Neurovascular
Guidewires — Performance Tests and Recommended Labeling puidance document published
by the Food and Drug Administration in October 2019, For example, the deflection force
value may be measured when the device is held at 20 nun from the distal end.

[8064} Portions of the versatile catheter 100, in some embodiments, are formed from one or
mwore biecompatible materials, including, for example, metals, such as stainless steel or
allovs, e.g., Nitmol®, or polymers such as polvether-anude block co-polviner (PEBAX®),
nvion {polvamides), polyolefins, polyvtetrafluoroethylene, polyvesters, polyurethanes,
polycarbonates, mixtures thereof, copolymers thereof or other suitable biocompatible
polymers.

[0065] In some embodiments, the flexible shaft 104 is composed of imaging-compatible
{e.g., MRI-compatible)} materials, and radiopaqoe markings 106a-d are provided for
identifving positioning of the versatile catheter 100. Radiopacity, in some examples, can be
added to the versatile catheter 100 usmg platinum-iridinm andfor platinum-tungsten. The

radiopagque markings 106a-d, in some implementations, are added to an exterior of the
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material of the flexible shaft 194 {e.g., a radiopaque sleeve). In other implementations, the
radiopacity is achieved using through radio-pacifiers, such as barium sulfite, bisnwmth
trioxide, bisansth subcarbonate, powdered tungsten, powdered tantalan: or the like, added fo
the polvmer of the flexible shaft 104.

[0066] The radiopague markings 106a-d, m some embodiments, are disposed n part at
transition locations along the flexible shaft 104, For example, as illusirated radiopaque
marker 106¢ is positioned prior fo a reduction in diameter that tapers to a tip of the flexible
shaft 104. The tip, stmilarly, is identified nsing the radiopague marker 106d. The radiopague
markers 106¢, 106d positioned prior to and upon the tip of the flexible shaft 104, for
example, may be used o coufirm anatomic placement of the flexible shaft and/or
instrumentation delivered therefrom.

[8067} Generally, different sections of the versatile catheter 100 can be formed from different
materials from other sections. Further, certain sections of the versatile catheter 100 can be
composed from nmltiple materials at different locations and/or at a particular location. In
some embodiments, selected sections of the versatile catheter 104 are formed with materials
to infroduce desired stiffness/flexibility for the particular section of the versatile catheter 100
For example, fitings and the like can be formed from a more rigid or semi-rigid material,
such as one or more ruetals andfor one or more polvmers. In another example, it mav be
desirable to forn: the distal section 108b of the versatile cathweter 190 or a portion thereof
{e.g., at or near the distal end of the versatile catheter 100} from au elastomeric polymer, such
as suitable polyurethanes, polydimethvisiloxane and/or polytetrafluoroethylene, for mcreased
flexibility. In iHlustration, a section of the versatile catheter 10 having moereased flexibility
may be composed of a material with a Shore A Durometer D value of no more than 45,
Enhanced flexabihity, for example, mav mprove tracking properties for placement of the

versatile catheter 100,
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[6068] In somne embodiments, the flextble shaft 104 15 mainly or fully composed of a
thermoplastic polynier with embedded metal wire. Suitable polymers melude, for example,
polyanudes {nylons}. The wire can be braided, cotled, or otherwise placed over a polymer
tubing liner with some tension. A polymer jacket may then be placed over the top. Uipon
heating over the softening temperature of the polvmer and subsequent cooling, the wire
becomes embedded within the polymer. The polvmer liner and polvimer jacket can be of'the
same or different materials. Suitable wire includes, for example, flat stamless-steel wire
and/or tungsten wire. The wire, for example, may be configured to add additional mechanical
strength while mamtaining appropriate amounts of flexibality.

[0069] FIG. 2A dlusirates an example removable hub system 200 for a catheter such as the
versatile catheter system 100 of FIG. 1. For example, as illustrated, the removable bub
system 200 15 releasably atfached to the proximal end of a flexible shaft 204 {e.g., the flexible
shaft 104 of FIG. 1), Asshown in FIG. 2B, a proximal end 210 of the flexible shaft 204
inchades no special fitting. The removable hmb system 200, for example, may be frictionally
attached to the proximal end 210 of the flexuble shaft 264,

[8870] Turning to FIG. 2A. in some embodiments, the removable hub system 200 mchudes a
shaft mating element 206 that couples, at one end, to the proximal end 210 of the flexible
shaft 204 and, at the other end, with a hub element 202 of the removable hub system 200,
Although iHlustrated as having a shortened length, m other embodiments, the proxumal end
210 of the flexible shaft 204 may extend further within the shaft mating element 206. The
shaft mating element 206 may include a female connection mechanism, such as a flexible
seal, thread grooves, or channels, that mates with a male connection mechanism of the hub
element 202, Conversely, the male and female connection mechamnisms may be swapped, In
certain embodiments. The mated connection mechanisms, in some examples, can include a

threaded connection, one or more channels (straight, twist-locking channels, ete.), a frictional
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seal, a pop or snap fitting, or a deformable compression fitting. On the opposite end, the
shaft mating element 206, in one example, mav be frictionally retained around a proxamal end
210 of the flexible shaft 204 (e.g., using a sticky swiace fiush, a rough surface finish, efc).
I another example, the shaft mating element 200 may include a deformable material for
compressively fitting around the proximal end 210 of the flexible shaft 204 (e g, rubber,
sihicone, polyvinyl chlonide {PVC) or polvurethane (PU) foam, efc.). In a further example,
the shaft mating element 206 may clamp to the proximal end 210 of the flexible shaft 204, for
example via a hinged or flexible closure.

[80671] As illustrated i FIG. 2A and FIG. 2B, the flexible shaft 204 mcludes a marker 212
{e.g., a radiopague marker or other marker). The marker 212, for example, may be used, m
some embodiments, to align the flexible shaft 204 with the shaft mating element 206. In
itlastration, the marker 212, in an embodiment not illustrated, may be visually aligned at a
distal end of the shaft mating element 206 to ensure consistent and dependable refention of
the proximal end 210 of the flexible shaft 204 within the shaft mating element 206,

[8072} The portion of the flexible shaft 204 iHlustrated in FIG. 2A and FIG. 2B inclades a
segment 214 with mereased diameter in comparison to a proximate segiment having the
marker 212. The segment 214, for example, may be disposed in a location configured for
gripping of the flexible shaft 204 o improve manipulation by a medical professional when
mating the flexible shaft 204 with the shafl mating element 206. In other embodiments, the
flexible shaft 204 may have a consistent diameter or a fapered {e.g., graduated) diameter. In
some mmplementations including varying diameters, an internal diameter for the flexible shaft
204 remains consistent.

[6073] Tuming to FIG. 3, a portion of a removable hub system 300 is illustrated, inchuding an
example locking element 302 and a shaft mating element 304. As illustrated, the locking

element 302 is configured to close around a portion of the proximal end of a flexible shaift
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308 and a portion of the shaft mating element 304 that is coupled with {e. g, frictionally
mserted mto} the flexible shaft 308 to retain the mated connection between the shaft mating
element 304 and the flexible shaft 308. The locking element 302, as iHlustrated. meludes fwo
pieces connected by a set of hinges 310, A detent 312 and protrusion 314 snap fit, as shown,
mav be psed o releasably lock the locking element 302 info posthion. In other embodiments,
another locking mechanism may be used, such as, in some examples, a shideable lock within a
mated groove or a pin and channel lock.

[8074] In some embodiments, an inner cavity of the locking element 302 is graduated or
otherwise formed around the dimensions of the shaft mating element 304 and/or the flexible
shaft 308. For example, a distal portion 306a of the inferior surface of the locking element
302 may have a wider opening fo accommodate flexing of the flexible shaft 308, while a
proxumal portion 306b of the mterior surface of the locking element 302 may be dimensioned
to closely form to the shape of the portion of the shaft mating element 304 captured by the
locking element 302,

[6075] Tuming to FIG. 4A through FIG. 4C, i some implementations, a versatile catheter
system 400 includes a removable hub system 402 releasably connected to a flexible shaft 404
inchading at least one lumen for passing an extending element 406 {e.g , gnidewire). The
rentovable hub system 402, for example, may mclude a shaft mating element 408 coupled to
a hub element 410, The hub element 410, for example, niay melude a fluid controd port 418
mountted to a tubular extension 414 which, at its distal end, includes one or more mating
features 416 (e.g., a screw or luer lock) to mate with the shaft mating element 408.

[8076] Turning to FIG. 4B, in some implementations, the flexible shaft 404 includes an
expansion element 412 creating a ledge or step outward in circumference of the flexible shaft
404, The expansion clement 412, in some examples, may be mtegral with or fused io the

flexible shaft 404, In some examples, the expansion element 412 may be three-dumensionally
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printed onto the flexible shaft 404, adhesively added to the flexible shaft 404, andfor
produced udtegrally as part of the material of the flexible shaft 404 during wanufachure. Tn
other embodiments, the expansion element 412 is removably conpled to the flexible shaft
404. The expansion element 412, for example, may be slid suugly onte the flexible shaft 404.
In some examples, the expansion element 412 may be molded, cast, andfor three-
dimensionally printed. The expansion element 412, in some examples, may be formed of a
rigid or semi-rigid material such as a metal, metal allov, and/or polymer. In some
implementations, the expansion element 412 includes compressible or flexible material, for
example to assist in being frictionally retained. As ilhustrated, the expansion element 412 may
be designed to be captured in a cavity of the shafl mating element 408 such that the flexible
shaft 404 is prevented from moving in its lengthwise direction. The expansion element 412,
as tllustrated, 1s generally rounded. In other embodiments, the expansion element 412 may
have edges {(e.g., square, hexagonal, etc.). The edges. for example, may lint the abilify of
the flexible shaft 404 fo rotate within the shaft mating element 408,

[8077} Tuming to FIG. 4C, 1 some mmplementations, the shaft miating element 408 of FIG.
4B is designed as fwo pieces 40%a, 408b, such that the two pieces may lock around the
proxintal end of the flexible shaft 404, including around the expansion element 412, The two
pieces, for example, may be hinged as illustrated in the shaft locking element 302 of FIG. 3.
In another example, the two pieces may releasably connect on both sides, for example using
two sets of a profrusion and detent mating elements,

[0078] In some implementations, the hub 410 couples to the shaft mating element 408 using
a standard male luer lock fitting 416, as illustrated. The luer lock fitting 416, for example,
may allow for leak-free introduction of fluids to the flexible shaft 404 via the fhud port 418

of the hub 410
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[6679] FIG. 5 illnstrates the proximal end of an example flexible shaft 300 wchiding an
aftachment element 502 for releasably receiving a removable hub svstem, such as the
removable hub 102 of FIG. 1 and/or the removable hub systerm 200 of FIG. 2A and FIG. 2B.
The attachient element 302, for example, may be designed as an expansion element, for
example to be captred by a shaft mating element such as the shall mating element 408 of
FIG. 4A through FIG. 4C. The attachment element 502, in some embodiments, is
permanently attached to the flexible shaft 500. In some examples, the attachment element
502 may be three-dimensionally printed onto the flexible shaft 509, adhesively added to the
flexible shaft 500, and/or produced integrally as part of the material of the flexible shaft 500
during manufacture. In other embodiments, the attachment element 502 1s removably
coupled to the flexible shaft 508, The attachment element 302, for example, may be slid
snugly onto the flexible shaft 300. In some examples, the attachment element 302 may be
molded, cast, and/or three-dimensionally printed. The attachunent element 502, in some
examples, may be formed of a rigid or semi-rigid material such as a metal, metal alloy, and/or
polymer. In some implementations, the attachment element 302 includes compressible or
flexible material, for example fo assist in bemg frictionally retamned.

{6080} FIG. 6 A and FIG. 6B illustrate additional attachment element designs for connecting a
removable hub system to a flexible shaft. Tuming to FIG. 6A, a shaft mating element 600
inclndes a distal end connection mechanism 608 for releasably connecting the shaft mating
element 600 fo a corresponding proximal end counection mechanism 606 of a flexible shaft
604. To enable a medical professional to grasp and manipulate the shaft mating element 600
during a medical procedure, in some embodiments, the shaft mating element 600 includes
extensions of wings 6(2ab. For example, as illustrated, the male threads connection
mechanism 606 of the proximal end of the flexible shaft 604 are confignred to twistably

counect with the female thread connection mechanism 608 of the shaft mating element 600.
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The extensions 6(32a, b, further to the example, may provide leverage to a medical
practitioner for twisting the shaft mating element 600 onto and off of the end connection
mechanisim 606 of the flexible shaft 604. On the opposite end of the shaft mating elenent
604, a luer connection mechanism 610 may include standard rotating threads for connecting
with & Iner lock mechanism of a hab element, such as the luer lock connector 416 of the bub
element 410 of FIG. 4C.

[6081] Turning to FIG. 6B, a shaft mating element 620 for releasably connecting a
remaovable hub system to a flexible delivery element inclodes a distal end connection
mechanism 622 for capturing an expansion element 626 {e.g., such as the expansion element
412 of the flexible shaft 404 of FIG. 4B and FIG. 4C and/or the connection element 502 of
FIG. 3) of a flexible shaft 624, The distal end connection mechanisn 622, m some examples,
can include one or more flexing members 632 configured to flex outward and over the
expansion element 626, The flexing member(s) 632 of the distal end connection mechanism
622, for example, may exert a retention force agamst and/or distal to the expansion element
626 of the flexible shaft 624. To enable a medical professional 1o grasp and manipulate the
shaft mating element 620 duning a medical procedure, in some embodiments, the shaft mating
element 620 includes a gripping region 628 mchuding s textured surface and/or extending
features configured fo improve handling of the shaft mating element 620. In some examples,
the gripping region 628 may melude a rough andfor tacky (e g., rubbernized) swface finish, a
series of raised ribs, and/or an arrangement of protrusions. The raised surface features, such
as ribs and/or protrusions, may be flexible and/or treated with a surface finish (e.g., rough or
tacky, etc.) to further enhance handling. On the opposite end of the shaft mating element
624, in some embodiments, a female luer connection mechanism 630 (2.g., a two-part

compression fit mechanismy is provided for connecting with standard rotating threads of a
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luer lock mechanism of a hub element, such as the luer lock element 416 of the hub element
410 of FIG. 4C.

[B082] Turning to FIG. 11A and FHG. 11B, in some unplementations, an example removable
hubs system 1106 for releasably coupling with a flexible shaft includes a removable hub
apparatus 1102 melnding a hub member 1104 {e g, fluid management bub and/or mstrument
management hub, such as the hub 102 of FIG. 1) and a tubnlar member 1106 extending in a
distal direction from the hub member 1102, The removable liab apparatus 1102 may be
released from the proximal end of a flexible shaft 1110, for example, to mtroduce additional
medical devices over the flexible shaft 1110 (e.g., the versatile catheter 100 of FIG. 1). The
hub member 1104, 1o some examples, may mclude a Huid management feature {e.g., rotating
hemostasis valve, port, or other mechanism) for use in infroducing andfor removing fhnd. In
some examples, the bub member 1104may be used fo introduce an imagmg contrast,
wifroduce a therapeuntic agent, provide aspiration of infernal fluid, and/or prevent blood loss.
For example, the removable bub apparatus 1102, when added to the proximal end of the
flexible shaft 1110, may be configured to seal the passage provided by the Inmmen of the
flexible shaft 1110,

[8083] Turning to FIG. 11 A, a cross-sectional view iHlusirates the removable hub apparatus
1102, In some implementations, the bub member 1104 is integrated with, fused to, or
otherwise permanently attached to the twbular member 1106, In other mmplementations, the
hub member 1104 is releasably connected to the tubular member 1106. For example, a luer
lock mechanism may be used o connect the hub member 1104 to the tubular member 1106
The tubular member 1106 may be formed of rigid or seni-rigid material, such as a hypotube.
The tubular member 1106 mayv be inclnde multiple deflection force values, for example
mereasiig m flexibility foward a distal end of the tubular member 1116 to better mate with

the flexible shaft 1110, as illustrated in FIG. 11B.
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[6084] Turning to FIG. 118, 11 some unplementations, the removable bub apparatus 1102
releasably connects to the flexable shaft 1110 at a mating segment 1112 of the flexable shaft
1110. The mating segment {112, for example, may include one or more retention features to
enable couphing of the flexible shaft 1110 with the removable hub apparatus 1102,

[0085] FIG. 12A through 12D illusteate example retention features for releasably coupling a
removable hub apparatus with a flexible shafi. The refention features, for example, may
include one or more conical niembers, wedge-shaped members, fin-shaped members, and/or
barb-shaped members disposed at an end of one of the removable hub apparatus or the
flexible shaft and configured to frictionally engage with an interior lnmen and/or a
coordinating ridge or ramyp feature withun the lumen of the mating member (e.g., removable
hub apparatus or flexible delivery element). Although described in relation to the removable
hub apparatus amd the flexible shafl, in other embodiments, the retention features may be
provided for releasably mating the flexible shaft with a flexible shaft extension. For example,
the retention features may be pushed into a lumen of a mating flexible shaft when connecting,
and the flexible shaft coupled 1o the retention features may be pulled apart from the mating
flexible shaft {e.g., removable hub apparatus) to disconnect the two pieces from each other.
In other embodiments, a twisting motion mayv be required to lockably mate the two pieces to
each other and, conversely, disconnect the mating between the two pieces of equipiment.
[8886] Twrning to FIG. 12A, an end section of a first apparatus 1200 {e.g., catheter,
removable hub apparatus, ete.) may include a mating segment 1202 composed of a rigid or
semi-rigid material and extending bevond a connecting segment 1204 partially overlapping
1208 with the mating segment 1202 and affixed to the mating segment. The connecting
segment 1204, for example, may be formed of a polymer material, and the mating segment
1202 may be formed of one or more metals, such as a hiypotube. The connecting segment

1204, in some examples, mayv be adhered, welded, or otherwise secured to the mating
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segmient 1202, The connecting seginent 1234, m illustration, may be a conventional catheter
ot microcatheter or anothier delivery element as described herein.

[B087] In some implementations, the mating segment 1202 includes one or more retention
features 1200 (e g, barbs) arranged on an exterior surface of a lnen 1210 of the mating
segment 1202, The retention featuves 1206, for example, may be ntegrated with {e.g.,
printed of a same material, manufactured or formed of a smne matenal, efc.} the lumen 1210
of the mating segment 1202, In another example, the retention features 1206a may be
attached to the exterior surface of the lumen 1210, In illustration, the retention featwres 1206
may be formed of stainless steel and welded ontfo the surface of a hypotube. In another
example, the retention features 1206 may be formed from one or more polvmer materials and
printed onto, welded to, or adhered fo the surface of the lumen 1210,

[6088] Turning to FIG. 12B, in some implementations, the mating segment 1202 is inserted
uxto an end of a second apparatus 1220 (e.g., catheter removable hub apparatus, etc.), thereby
placing the fivst apparatus 1200 in fluid communication 1222 with the second apparatus 1220,
As illustrated, the retention feattwes 1206 abut an interior surface of a lumen 1224 of the
second apparatus 1220. The retention features 1206, for example, mayv frictionally retain
position against the mterior surface of the lnmen 1224,

[6U89] In some implementations, at least an intertor surface of the lumen 1224 is formed of a
flexible or semi-flexible muaterial, such that retention featiwes 1206 formed of a rigid material
push info the flexible or senu-flexible material, thereby frictionally retaining position. In
other implementations, the retention features 1200 are formed of a flexible or semi-flexible
{e.g., compressible) material such that the retention features 1206 deform when inserted into
the hunen 1224 of the second apparafus 1220, thereby frictionally retaining position against

the interior surface of the lumen 1224, Conversely, pulling the fivst apparatus 1200 away
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fron the second apparatus 1220 may overcome the frictional force and result in separation of
the first apparatus 1200 from the secound apparatus 1220,

[8090] As illustrated in FIG. 12C and PIG. 12D, in some implementations, the interior
surface of the humen 1224 inchades one or more corresponding retention features (1230,
1240, 1242} designed to mterface with the one or more retention features 1206, The
corresponding retention featire(s), for example, may be designed to capture or limit the
movement of the retention features 1206. The corresponding retention feature{s) 1230, for
example, may be formed of a senu-flexible or flexible material, such as, m some examples,
rubber, silicone, PVC, or PU foam. In the circunistance of a semi-flexible or flexible
refention feature(s) 1206, the corresponding retention feature(s) may be formed of rigid or
semi-rigid material, such as stainless steel or one or meore polvmers. The corresponding
retention feature{s} 1230 may be molded or formed as part of the lumen 1224

[0091] Turning to FIG. 12C, first example corresponding retention feature(s) 1230 mclude
one or more protrusions, such as a ridge. The barbed retention features 1230, for example,
may push over the corresponding refention feature(s) 1230 which act as a bumper, limiting
distal motion of the first apparatus 1200, thereby supporting connection between the first
apparatus 1200 and the second apparatus 1220, Although illastrated as substantially angular,
i other embeodiments, the retention feature(s) 1230 may be curved or partially curved {e.g.,
curved at & distal end to assist in msertion of the mating segment 1202 and straight at a
proximal end to provide greater support it retaining position of the retention feature(s) 12006).
[0092] For example, tirming to FIG. 12D, the retention feature{s) 1206, upon insertion info
the fomen 1224, niay press over first corresponding refention feature(s) 1240 (e.g., a partial or
full disneter ridge or ledge) and stop upon engaging second corresponding retention
feature(s}) 1242, Althoungh described as first and second corresponding retention feature(s)

1240, 1242, in other embodiments, a dual-profrusion corresponding retention feature may be
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provided within the lamen 1224, In some embediments, the second corresponding retention
feature(s) 1242 may be formed of a more nigid material or otherwise be designed to prevent
msertion beyond the second corresponding retention feature(s) 1242,

[6093] FIG. 13A and FIG. 13B illustrate a portion of an example removable hub system
mcludimg a flared tobular member for mating with a flexible delivery element. Although
described as part of the removable hub system, similar connecting features may be used to
interface between a flexible delivery element and an extension element, such as a second
catheter length to enable a longer trajectory of treatment andfor to couple/decouple different
flexibility and/or styles of catheter depending upon the purpose and/or route of the procedure.
[00%4] Turming to FIG. 13A, a tubular member 1300 of a removable hub apparatus may
mnclade a widened distal opening 1302, providing the benefit of a larger external diameter for
easier manipulation. Further, the wider distal opening 1302 may be used to guide the
proximal end of a mating delivery element for ease of connection. For example, as ilustrated
in FIG. 13B, a mating component 1312 of a delivery element 1310 may be more easily
gwided mto the infernal lomen of the tubular member 1309 vial the widened distal opening
1302, The mating component 1312, for example, may melude one or mwore mating features,
such as the mating features described in relation to the retention feature(s) 1206 of the
apparatas 1200 of FIG. 12A thromgh FIG. 12D,

[8895] The narrower fluid passage 1304 proximal to the widened distal opening 1302, i
sonie inplermentations, allows for creating a fluid seal between an end of the mating
component 1312 and the interior lnmen of the tubular member 1300, For example, as
ilustrated in FIG. 138, the proximal end of the mating component 1312 abuts against a
diameter at a narrower end of a funnel shape leading to the wider distal opening 1302.
Although illustrated as a funnel shape, m other embodiments, the transition between the

wider distal opening 1302 and the narrower fluid passage 1304 may have a different shape,
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such as an anguler transition, a concave curved transition (as ustrated), or & convex curved
transition of various angles.

[8096] To encourage a fluid seal between the intertor lamen of the tubular member 1304 and
the mating component 1312 of the delivery element 1310, in some implementations, the
surface of a proximal edge of the mating component 1312 and/or the interior surface of at
least a portion of the lnmen of the tubular member 1300 may be treated with a sealing
material such as, in some examples, rubber, silicone, PVC, or PU foam. In certain
embodiments, one or more corresponding mating members may affect a seal, such as a ridge
mewmber described in relation to FIG. 12C. Tuming to FIG. 13C, for example, the mmer
tumen of the twbular member 1300 may include a sealing retammer 1320 fo create a finid seal
between the tubular member 1360 and the delivery element 1310,

[6097] FIG. 7 illustrates an example detachable fluid management svstem 700 for coupling to
the proximal end of a flexuble shaft 702, The detachable fluid management system 700, for
example, mav be configured to mteroperate with a shaft mating element and/or shaft locking
element (e.g., mating element 206 of FIG. 24, locking element 332 of FIG. 3, mating element
408 of FIG. 4A 1o FIG. 4C, coupling element 302 of FIG. 3, mating clement 600 of FIG. 64,
mating element 628 of FIG. 6B, eic.) to couple the detachable fluid managerpent system 700
to the flexable shaft 702. A practitioner, for example, may be able {o exchange a hub element
{e.g., the hub 202 of FIG. 2A or hub 410 of FIG. 44) for the detachable flunid management
system 700 using a locking andfor mating element while performing a therapeutic procedure
on a patient.

[8098] FIG. 14 illustrates an example instrumentation system 1400 with a removal hub
system 1402 mchiding a set of three swappable instiunent hubs 1402a, 1402, and 1402¢, a
primary flexible delivery element 1404, and an extension delivery element 1406. The

mstrument hmbs 1402, for example, mayv include any style of hub described herein, such as
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the b 102 of FIG. 1. the hub 202 of FIG. 24, the hub 402 of FIG. 44, and/or the fhad
management hub 700 of FIG. 7. Any of the hubs 1402 may be releasably counected to a
connecting member 1408 of the proximal end of the flexible delivery element 1404 ora
conntecting mentber 141G of the extension delivery element 1406, Further, the connecting
member 1408 of the flexible delivery element 1404 may be releasably connected to a mating
member 1412 of the extension delivery element 1406 to create an additional length of
deliverv element, thereby enabling access o remote treatment sites. Although illustrated as
inclading the retaining member style described in relation to FIG. 12A through FIG. 12D in
other embodiments, the connecting merubers 1408, 1410 may include different styles of
mating components, examples of which have been described above. Further, although
tustrated for simplicity’s sake as being generally uniform in diameter and shape, in other
embodiments, the flexible delivery element 1404 andéor the extension delivery element 1406
may include varying diameters, flexibilities, and/or curved shapes as described 1 greater
detail in relation to FIG. 8 and FIG. 15,

[8099] In soine embodiments, an instrumentation system such as the mstrumentation system
1400 includes multiple flexible delivery elements 1444, For example, an instrumentation kit
may include at least one of the instrunent hubs 1402 along with two or more flexible delivery
elements 1404 of varving lengths and/or diameters. In an illustrative exawple, an
mstrumentation kit may melude a fivst flesible delivery element 1404 having an 8 French
compatibility and a second flexible delivery element baving a six French compatibility.
Further {o the illustrative example, the instrumentation kit may mclude the extension delivery
element 1406 or multiple extension delivery elements (e.g., one six French compatible and
one eight French compatible).

je180] While exchanging removable connectors and/or control elements during a procedure

using tools such as those described in relation to the preceding figures, in some embodiments,
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a medical professional will want o retain an extending element {e.g., puidewire or
nucrocatheter) at a procedural stie. However, the movements of the practifioner, the blood
flow through the access path throngh the arterial site, and/or the movements of varicus
equipment {e.g., the shding off of one cathater and/or overlaying of another catheter, efc.) can
cause the extending element to drift from its position. The following fipures and deseription
discuss varions solutions for refaining the position of an extending element while adjusting
the equipment being used during a therapeutic procedure. Certain solutions {security devices
or elements), in some implementations, are infroduced over the flexible extending element
after removal of af least a portion of the connectors and/or control elements.

[8161} Turmng to FIG. 8, an example flexible shaft 800 mncludes a curved section 802 for
selectably locking a position of a flexible extending element 8304 {e.g., guidewire,
microcatheter, ete.) within an internal lumen of the flexible shaft 800. The flexible extending
element 8§04, for example, may be frictionally retained in the “S”-stvle curve of the flexible
shaft 800, prohibiting movement of the flexible extending element 804 1 at least a
lengthwise direction of the flexible shaft 300. In use, an external support element (e.g.,
nicrocatheter, hypotube, sleeve, efc.} may be shid over at least the curved section 802 of the
flexible shaft 800 to cause the “S"-style ctuve to straighten, thereby freeing the flexible
extending element 804 to move within the flexible shaft 800, When performing operations
that may accidentally dislodge a distal position of the flexible extending element 804, a
practitioner may shide the external support element off of the curved section 802 to
effectively lock the position of the flexible extending element 804. The operations, inx some
examples, may include exchanging an outer delivery element {e.g.. catheter or sleeve),
exchanging or adding a proximal connection element (e.g., instrument hub, fluid management
system, etc.), or removing an outer delivery element and/or proximal connection element. In

an ilustrative example, an external support element may cover the curved section 802 of the
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flexible shaft 800 during use, and the external support element may be at least parually
removed from the flexible <haft 800 {o allow the curved section 802 to retun to s pre-
formed curvature. In some embodiments, the “S7-stvle curve is crested in the flexible shaft
800 using a memory shape polvmer, metal or metal braid, and/er an alloy such as stamless
steel and/or muckel tifaniam (Nitinol®).

{0182} Conversely, in some emboduments (not illustrated), a shape of a flexible shaftis
medified using an external shaping element {e.g., an outer sheath or sleeve, efc.} to cause the
flexible shaft to curve, thereby frictionally trapping the flexible extending element in a
present position. In an illustrative exauple, the external shaping element may be introduced
over a proximal end of the flexible extending element and, thereafter, over the flexible shaft
to cause the flexible shaft fo form to the curve of the external shaping element. The external
shaping element, for example, may be constructed using a braided metal or polymer. The
bratd can be bare or coated with a soft elastomeric polymer. The external shaping elersent is
formed of a shapable material, in some embodiments, such that if bends or “clicks” mto a
curved position for locking and manually straightens when adjusted in a reverse divection to
enable movement of the extending element.

{6103} Turning to FIG. 9A and FIG. 9B, in some emboduments, a wedge element 900 is
wmiroduced between a flexible shaft 902 and a flexible extending element 904 to fill a gap
between the flexible shaft 902 and the flexible extending element 904, thereby creating a
friction “wedge” that functions as a locking mechanism fo retain a present position of the
flexible extending element 904, As illustrated in FIG. 9A, the wedge element 900 is slidably
disposed along the flexible extending element 904, external o the flexible shaft element 942,
To lock the position of the flexible extending element 904, turning to FIG. 9B, the wedge
element 900 may be shd along the flexible extending element 904 to the flexuble shaft Y02 so

that a portion of the wedge element 900 can be inserted into the flexible shafl 902, thereby

[N
)



WO 2025/111467 PCT/US2024/056905

preventing movement of the flexible extending elenent 904. The flexuble shaft 902, for
example, may be added to the flexable extending element 904 afler removing any connection
elements (e.g., shaft mating element, shaft locking element, bub element, ete.} from the
proximal end of the flexible shaft 002,

[o164] Although illustrated as having s substantially consistent outer dimension, to sid in
alignment and wedging while avoiding pushing the wedge element 900 into the flexible shaft
902 to a pomnt where 1t may be difficult to grasp fo remove, In some embodiments, the wedge
element 900 has a fapered outer diameter, such that a smaller diameter end leads in inserting
the wedge element 900 into the flexible shaft 902, and the wedge element 900 can be mnserted
mio the flexible shaft 902 {o the pomt at which the diameter of the section of the wedge
element 900 abutting the edge of the flexible shaft 902 is so similar in diameter to the mner
diameter of the flexible shaft 902 that the wedge element 900 fits no further wside of the
flexible shaft 902,

{6105} Turning to FIG. 9C, in some emboduments, a wedge element 910 is formed with a
bias-cut edge such that a first portion of the wedge element 910 is shd into the flexible shaft
902, gradually followed by an increasing portion of the diameter of the wedge element 910
until a full diameter of a portion of the wedge element 910 is inserted inside of the flexible
shaft 902. Rather than needing to carefully align the wedge element 910 with the Hexible
shaft 002, for example, the practitioner would simply need to insert the leading edge of the
wedge element 910, and in shiding the wedge element 910 info the flexible shaft 902, the
diameters would come info alignment. This is beneficial where visibility may be less than
ideal, and the flexible shaft 902 and wedge element 910 are small and could be difficult to
manually maneuver.

[8186} The wedge element 900 and/or 910, for example, may be formed as a rigid or semi-

rigid fube, straw, or long hollow conical shape with a graduated diameter. In some examples,
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the wedege element 900 andfor 910 mayv be constructed using a metal, polymer, and/or metal
allov.

[8187] FIG. 10A and FIG. 10B illustrate an example sleeve-type guidewire position locking
mechanism {sleeve element) 1000 for use with a flexible shaft. The stretchable {elastic)
sleeve element 1000, for example, may be formed of elastic polymers which can be stretched
over both a flexible shaft 1004 and a flexible extending element 1006 to hold thems m place
refative to each other. The sleeve element 1000 may be formed of a soft elastic polymer with
shape memeory, such as, in some examples, silicone, Tecoflex® (by Microspec Corporation of
Peterborough, NH) or other medical-grade aliphatic polvether polvurethane. nvlon, Pebax®
{by Arkema, Inc. of King of Prussia, Penusvlvania) or other polyether block amide (PEBA},
and/or polyurethane. In use, the sleeve element 1000 may be mtroduced along the proximal
end of the flexible extending element 1006, moved fo a region 1308 of the flexible extending
element 1006 abutting the proximal end of the flexible shaft 1004, and pulled over a proximal
region 1002 of the flexible shaft 1004 to compressively retain the relafive positions of the
flexible shaft 1004 and the flexible extending element 1066

[8168] As illustrated in FIG. 104, the sleeve element 1000 mcludes consistent dimensions
{e.g., a constant diameter). The material of the sleeve element 1000, in some
umplementations, is uniform throughout. In other implementations, the material of the sleeve
element 1000 may be designed to provide mereased compressive force on the flexible
extending element 1006 while allowing for greater ease to the medical practitioner in
stretching the distal end of the sleeve element over the proximal end of the flexible shaft
1604,

[6189] In other embodiments, the sleeve element may include a larger end for capturing the
proximal end of the flexible shaft 1004 and a smaller head to compressively retam the

flexible extending element 1006. In this manner, a consistent material may be used, exerting
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sufficient compressive strength to prevent moverment of the Hexible extending element 1008
while inproving the ease of posttioning over the proximal end of the flexible shaft 1004 {e.g.,
it a shaft region 1002).

{8118} Conversely, in further embodiments, a diameter of the flexible shaft 1004 may be
sialler {e.g., a thickness of the flexible shaft may be reduced) in a proxumnal region 1002
coufigured to be covered by the sleeve element 1000, such that, affer positioning of the sleeve
element 1000 over the proximal region 1602 and extending proximally to an adjacent region
1008 of the flexible extending element 1006 to secure the relative position of the flexible
shaft 1004 and the flexible extending element 1006, a diameter of the region 1002 wnchiding
the diameter of the flexible shaft 1004 lavered with the diameter of the sleeve element 1000
may substantially coincide with a diameter of the flexible shaft distal to the region 1002,
[0111] FIG. 15A through FIG. 15C illustrate example portions of humens having varying
flexibility achieved by applving a material treabment along a portion of the length of the
example limen. The hunens, in some examples, may be a portion of a delivery element,
tubular extension of a removable bab system. or catheter. Each of the humens of FIG. 13A
through FIG. 15C have been treated using a spiral grinding {e.g., “feathering™} or cutting
pattern to selectively adjust the flexibility of the material of the segment of the lnmen. The
spiral grinding or cutting pattern, for example, may increase the flexibility {e.g., decrease a
deflective force value} of the segment of the lamen by at least 30%. For example, a first
deflection force value of the original lamen {e.g., polvmer material catheter) may be within a
range from 5.5 N to 6.5 N, and the second deflection force value of the segmernt treated with
spiral grinding or cutting may be within a range from 2.7 N to 3.2 N The spiral grinding or
cufting pattern, in some examples, may be applied through laser ablation andéor razor cutting

the portions of the lomens.
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[6112] Turning to FIG. 154, a lumen 1500 wnclndes a uniform grind or cut pattern along a
length 15302, The grind or cut pattern may be applied through at least a portion of a thickness
of the humen 1500, The depth of the grinding or cufting, for example, mayv depend in part en
a material composition of the lnmen 1500 For a flexible material such as a polviner, a fanly
shallow cut or grind {e.g., one tenth to one half of the depth of material of the lumen 1500)
may significantly alter the flexibility of the lumen 1500 while retaming material stability of
the hunen. In the example of a metal hypotube, the metal lomen may be spiral cut and coated
with a flexible material, such as a polymer coating. The spiral cut, for example, may
transform the rigid metal hvpotube to a flexible coil, where the flexibility depends on the
density of the spiral cut {e.g., a nimber of spirals per unit length or a distance between each
pair 15¢4a, 1504b of spiral cuts}.

[0113] Tumning to FIG. 158, rather than a uniform pattern, in some embodiments, a
graduated spiral grinding or cutting pattern may be apphied along a length 1512 of a humen
1510, As illustrated, for example, a distance between a first spival 1514a and a second spival
1514b is greafer than a distance between the second spiral 1514b and a thurd spiral 15314¢, and
so on. By applving an increasingly dense spiral cut, the segment of lunen 1510 may be
prepared as a fransition segipent. For example, the segment of hunen 1510 mayv be used for
transitioning from a rigid {e.g., hivpotube-based) section to a flexible {e.g., polvimer-based)
sectionn. The transifion segment, i an Hlustrative example, may be a transitional hypotube
segment configured to inferface with a flexible delivery element, such as a catheter. In the
example of a polymer catheter or other delivery element, the length 1512 of the tumen 1510
may be gradually adjusted in flexibility to infroduce a flex region having increased fexibility
{e.z., similar to a “flexible straw™ where a flexing section allows for curving while an
abutfing section (e.g., the drinking section} 1s relatively more rigid). Althongh the graduated

spiral cut is illustrated as increasing in one direction, in other embodiments the vartation may

(S ¥]
~



WO 2025/111467 PCT/US2024/056905

be applied in the oppostte direction {e.g., wider to narrower from an wncut end 1516). In
further embodiments, the graduated spiral ont may both morease and decrease in density {2.g.,
graduating towards and away from a segment with greatest flexibility).

[8114] Tuming to FIG. 15C, rather than uniformly cutting or grinding through an antire
circurnference of each spival 1524 of the spiral pattern of a length 1522 of a lomen 1520,
some embodiments, the cuthing or grinding may be apphied m a directional fashion, such that
the resultant material is “trained” to flex In a particular direction {e.g., a steerable catheter
end}. In itlustration. the grinding may be performed such that a selected side 1326 {e.g.,
approximately one sixth to one half of the circumference) of the lumen 1520 s thinned in a
consistent or graduated manmer along the length 1522 to encourage moreased flexibility ma
direction 1328 deflecting from the selected side 15326

[0115] While certain embodiments have been described, these embodiments have been
presented by way of example only and are not intended fo limit the scope of the present
disclosures. Indeed, the novel methods, apparatuses and systems described herein can be
embedied in a vartety of other forms; fimthermore, various omissions, substinitions and
changes in the form of the methods, apparatuses and systems described herein can be made
without departing from the spirit of the present disclosures. The accompanyving claims and
their equivalents are fended to cover such forms or modifications as would fall within the

scope and spirit of the present disclosures.
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CLAIMS
What 15 claimed is:
1. A system for adpusting catheter mstrumentation during a vascular inferventional
procedure, the system comprising:
a flexible shaft comprising at least one lumen, a first lamen of the at least one lumen
configured for passing a flexible extending element therethrough;
a removable istrument bub configured to releasably couple to a proximal end of the
flexible shaft, the removable mstrument hub comprising
a hub element comprising at least one grasping feature for securely retamning the
hub element m a hand of an operator, the hub element comprising at least one
opening for passing the flexible extending element therethrough, and
a tubular member extending from a distal end of the hub element; and
at least one mating feature arranged on one of 1) the proximal end of the flexible shaft or
11} a distal end of the tubular member, the at least one mating feature being configured
to frictionally mate with an mterior surface of the other of 1} the proximal end of the
flexible shaft or i1} the distal end of the tubular member, such that, upon msertion of
the at least one mating feature into 1) the proximal end of the flexible shaft or 1) the
distal end of the tubular member,
the removable mstriument hub is releasably coupled to the flexible shaft, and
the tubular member 15 in fluid conmmunication with the flexible shafi.
2. The system of claim 1, wherein:
the mbular nember has a distal diameter larger than a proximal diameter of the flexible
shaft; and

the at least one mating feature 18 arranged on an exterior surface of the flexible shaft.
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The system of clainy 2, wherem the at least one mating feature and at least a proximal

section of the flexible shaft are formed of a same material.

The system of claim 3, wherein:

the proximal section of the flexible shaft is composad of a rigid or semi-rigid material;
and

a polymer-based section of the flexible shafl is overlappingly atfached fo the proximal
section of the flexible shaft.

The system of claim 2, wherein the at least one mating featwe comprises a plarality of

barbs or a plarality of wedge-shaped protrusions aligned substantially parallel fo a length

of the tubular member.

The system of claim 2, wherein an interior diameter of the tubular member widens i a

distal direction to accept and guide the at least one mating featwre of the flexible shaft mnto

a mating position.

The system of claim 1, wherenn:

the mibular member has a distal diameter sialler than a proximal diameter of the flexible
shaft; and

the at least one mating featire Is arranged on an exterior surface of the tubular member.

The system of claim 7, wherein the at least one mating feature and at least a distal section

of the tubular member are formed of a same material.

The svstern of clatm 7, wherein the at least one mating feature comprises a plarality of

barbs or a plurality of wedge-shaped protrusions aligned substantially parallel to a length

of the mbular member.

The system of claim 1, wherein the removable instrinent hub is a fluid management

instrument hub.
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11. The system of claim 10, hurther comprising a second removable mstrament bubs different
than the remnovable wstranient bub, whereiic
the second removable instrument b comprises a second tubular member; and
the second removable instrument babd is configured to releasably couple to the flexible

shaft using at least one of 1) the at least one mating feature or i) at lzast one second
matiig feature arranged at the distal end of the second tubular member.

12. The system of claim 1, wherein the at least one mating feature is formed of a flexible
material configured to compress when inserted o one of a) the first lumen of the
flexible shaft or b) the fubular member.

13. The system of claim 12, wherein the flexible material comprises one or more polyvmers.

14. The system of claim 1, wheremn the tubular member is formed of a rigid material.

13, The system of claim 14, wherein the tubular member comprises a hypotube,

16. The system of claim 1, wherein the at least one mating feature comprises a plurality of
ridged members.

17. The system of claim 1, wheremn:
the at least one mating feature s arranged at a proximal end of the flexible shaft; and

at least one coordimating mating feature is arranged at a distal end of the tubular member.

[

. The system of claim 17, wherein a first of the at least one mating feature or the at least
one coordinating mating feature comprises a ridge avanged around a majority of an
infertor diameter and another of the af least one mating feature of the at least one
coordinating mating feature comprises a plurality of wedge-shaped members configured
to push beyvond and be held by the ridge.

19. The system of claim 1, further comprising an extension shaft, the extension shaft

comprising:
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one or more himens, a gnide lnmen of the one or more lomens configured for passing the
flexible extending element therethrough; and

onte or more retention features arranged on a distal end of the extension shaft, the one or
more refention features configured to releasably connect with the af least one mating
feature of the proxunal end of the flexible shaft to effectively morease a length of the
flexible shaft.

20. The system of claim 1, further comprising a second flexible shaft comprising one or more
lumens, wherein:
the second flexible shaft has a second outer diameter compatible with a diffevent standard

mstrumentation size than a first outer diameter of the flexible shaff: and
the removable mstrument hub is configured to releasably couple to a proxumal end of the
second flexible shaft.

21. A versatile catheter apparatus for securing a position of a flexible extending element
while exchanging outer instrumentation duning a vascular interventional procedure, the
versatile catheter apparatus comprising:

a Hexble shaft comprising af least one lumen, a first lamen of the at least one humen
configured for passing a flexible extending element therethrough, wherein
a carved section of the flexible shaft comprises a pre-formed carvature configured
to frictionally retain the flexible extending element; and
an external support element configured to be slidably introduced over the curved section
of the flexible shaft, thereby straighiening the pre-formed curvature such that the
flexible extending element is free to move in a lengthwise direction of the flexible

shaft, wherem



WO 2025/111467

an inner dianeter of the external support element 18 sreater than an outer diameter
of the flexible shaft at least proximal to and along the curved section of the

flexible shaft.

. The versatile catheter apparatus of claim 21, wherein the flexible extending clement iz a

guidewire or a nicrocatheter.

. The versatile catheter apparatus of clamm 21, wherein the outer diameter of at least a

portion of the flexible shaft distal to the curved section is greater than the outer diameter

of the flexible shaft proximal to and along the curved section.

. The versatile catheter apparatus of clanm 21, wherein the outer diameter of the flexible

shaft 1s within a range of 2 to 12 French.

. The versatile catheter apparatus of clamm 21, wherein the flexible shaft is between 100

and 170 om in length.

26. The versatile catheter apparatus of claim 21, wherein:

the versatile catheter apparatus further comprises a removable fluid management svstem
configured to releasably couple to a proximal end of the flexible shaft; and
the external support elenient 1s configured to be shidably removed from at least the curved

section of the flexible shaft after removal of the removable fluid management systen.

. The versatile catheter apparatus of claim 26, wherein the removable fluid management

system comprises a rotating hemostasis valve and a three-way stopeock.

. The versatile catheter apparatus of claimm 26, wherein the remwovable flnid management

system comprises a shaft mating element configured to releasably couple, at a first end, to

the flexible shaft and, at a second end, o a flnid management hub.

. The versatile catheter apparatus of claim 28, wherein the flexible shaft comprises af least

one of a protrusion or connector for releasably coupling to the first end of the removable

fluid management system.
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30. A system for adjusting catheter mstrumentation duning a vascular interventional
procedure, the system comprising:
a flexible shaft comprising at least one lnmen, a first lamen of the at least one lunten
configured for passing a flexible extending element therethwough;
a removable fluid management system configured fo releasably couple to a proximal end
of the flexable shaft; and
a security element for selectively locking a position of the flexilde extending element in

relation to the flexible shaft.

[F¥]
Pt

. The system of clatm 30, further comprising the Hexible extending element.

%)
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. The system of claim 31, wherein the flexible extending element 15 a gurde wue.

. The system of claim 31, wherein:

(9N
U

the flexible shaft 1s at least 120 cm 1n length; and

the flexible extending element is at least 143 cm in length.

tad

. The system of claim 30, wherein selectively locking the position of the flexible extending
clement coniprises:
removing the removable fhud management system from the proximal end of the flexible
shaft; and

mtroducing the securify element over a proximal end of the flexible extending element.

[N
LA

. The system of claim 34, wherein:
the securify element is a fubular element having an outer diameter smaller than an inner
diameter of the proximal end of the flexible shaft; and
selectively locking the position of the flexible extending element further comprises
inserting a portion of the security element in the proximal end of the flexible shaft.

-

36. The system of claim 34, wherein:
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the security element 15 a cwrved element having an mmer diameter larger than an outer
diameter of the proximal end of the flexible shaft; and

selectively locking the position of the flexible extending element further comprises
shiding the security element over the proximal end of the flexible shaft, therebwy
causing a section of the flexible shafl to form to a shape of the curved element,
thereby frictionally retaining the flexible extending element therein.

37. The system of claim 34, wherein:

the security element comprises a sleeve element coniposed at least in part of a stretchable
maternial; and

selectively locking the position of the flexible extending element further comprises
stretching a distal portion of the security element over the proximal end of the flexible
shaft, thereby retaining relative positions of the flexible extending element and the

flexible shaft using compressive force.

a3
o0

. The system of claim 30, wherein the removable flaid management system comprises a
shaft matimg element configured fo releasably couple, at a first end, to the flexible shaft
and, at a second end, to a fluid management hb of the removable fluid management
system.

39. The system of claim 38, further comprising an additional instrument hmb configured to

releasably couple fo the shaft mating element.

40. A methed for exchanging iustrummentation during a vascular interventional procedure

using a versatile catheter system, the method comprising:

providing the versatile catheter system comprising

a flexible extending element,
a flexsble shaft comprising at least one humen, a first hunen of the at least one lumen

configured for passing the flexible extending element therethrough,
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a removable flnid management system confignred to releasably couple to a proximal
end of the flexible shaft, and
a securify element for selectively locking a position of the flexible extending element
i relation to the flexible shaft;
mserting the Hexible shaft, using the Hexible extending element, in a vascular anatomy;
directing a distal end of the flexable extending element {o a procedure site;
coupling the removable fluid management svsten to a proximal end of the flexible shaft;
and
after coupling the removable fluid management svstem and while the distal end of the
flexible extending element 1s at the procedure site,
decouphing the removable fluid management system from the proximal end of the
flexible shaft,
ntroducing the security element over the flexible extending element,
engaging the security element with the flexible shaft to lock a position of the
flexible extending element,
introducing a new catheter over the flexible shaft, and
after the new catheter is in a desired position, disengaging the security element from
the Hexible shaft.
41. A method for exchanging mstrumentation during a vascular interventional procedure
using a versatile catheter system, the method comprising:
providing the versatile catheter system comprising
a flexible extending element,
a flexible delivery element comprising at least one lumen, a first lumen of the atf least

one humen configured for passing the flexible extending element therethrough,
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a removable mstrument hub configured to releasably couple to a proxinal end of the
flexible delivery element, and
a removable thud management hub configured to releasably couple to the proxumal
end of the flexible delivery element;
mserting the flexible delivery element, using the flexible extending element, m a vascular
anaieniy;
comnecting the removable instrument hub to the proximal end of the flexible delivery
element;
directing a distal end of the flexible extending element fo a procedure site;
disconnecting the removable mstrument hub from the proximal end of the flexible
dehivery elentent;
coupling the removable fluid management hub to the proximal end of the flexible
delivery element; and
after coupling the removable fluid management hub and while the distal end of the
flexible extending element is at the procedure site,
deconphing the removable fluid management hub from the proximal end of the
flexible extending element,
treducing an additional catheter over the flexible delivery element, and
reconnecting the removable fliid management hub to the flexible delivery element.
42. A flexible delivery element for vascular tnstrumental delivery during a vascular
mterventional procedure, the flexible delivery element comprising:
at least one lumen extending from a proximal opening to a distal opening;
a proximal section comprising a hypotube;

one or more infermediate sections, wherein

Jia
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a first mtermediate section of the one or more ixiermediate sections 15 composed of a
polymer material and has a first deflection force value within a range from 6.2 N
fo 122N, and

an exterior diameter of each intermediate section of the one or more intermediate
sections 1s within a range of 2 to 12 French, and

a transitional section transitioning from the proximal section to the first intermediate
section, wherein
the polymer material of the first intermediate section overlappingly connects with
the hypotube of the proximal section in the fransitional section; and
a tip section composed of the polymer material and having a second deflection force
value different than the first deflection force value;
wherein the flexible delivery element is between 100 and 200 centimeters in length and
configured for advancement, via a femoral artery of a patient, to a neurovascular
region of the patient using a guidewire extending through a first lumen of the at least
one fumen.
. The flexible delivery element of claim 42, wherein the proximal section comprises one or
more retention features for releasably connecting to a removable mnstrument hub.
. The flexible deliverv element of claim 42, wherein the polymer material of the first

mtermediate section overlapping with the hypotube is welded to the hypotube.

v. The Hexible delivery element of claim 42, wherein the hypombe comprises a distal

external diameter greater than a distal external diameter of the first intermediate section.
. A flexible delivery element for vascular instrumental delivery during a vascular
interventional procedure, the flexible delivery element comprising:

at least one lumen extending from a proximal openung to a distal opening;
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a proxumal section comprising the proximal opening, the proximal section being formed
of a rigid or semi-rigid material;
ofte or more intermediate sections comprising a polvmer material, wherein
a first intermediate section of the one or more intermediate sections has a first
deflection force value within a range of 1.4 1b-ftic 2.8 Ib-fi, and
an exterior diametfer of each intermediate section of the one or more intermediate
sections 1s within a range of 0.025 to 0.085 inches;
a transitional section transitioning from the proximal section to the first intermediate
section, wherein
the polymer material of the first intermediate section overlappingly connects with
the rigid or seni-rigid material of the proximal section in the transitional
section; and
a tip section comprising the polymer material and having a second deflection force value
different than the first deflection force vahe;
wherein the flexible deliverv element is Detween 100 and 200 centimeters i length and
configured for advancement, via a femoral artery of a patient, to a newovascular
region of the patient using a guidewire extending through a first lumen of the at least
one lumen.
47. The flexible delivery element of claim 46, wherein the proximal section comprises one or
more retention features for releasably connecting to a removable instrument hub.
48. The flexible delivery element of clanm 46, wherein the polymer material of the first
mtermediate section overlapping with the proximal section is welded to the proximal

section.
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. The flexible delivery element of clamm 46, wherein the proximal section comprises a

distal external diameter greater than a distal exiernal diameter of the first infermediate

sechion.

. A method for selectively adjusting a flexibility of a lumen of neurovascular equipment,

the method conmprising:

providing a lumen having a first flexibility having a first deflection force;

spiral grinding a second portion of the lumen proximate a first portion fo fransform the
second portion of the lumen from the first flexibility to a second flexibility having a
second deflection force at least 30% more flexible than the first deflection force: and

applying a coating to at least an extertor surface of the second portion of the lumen.

. The method of claim 30, wherein spiral grinding the second portion of the hamen

comprises varving a distance between pairs of spiral loops of a plurality of spiral loops of
the spiral grinding, thereby imparting a variable flexibility to the second portion of the

{umen.

. The method of claim 30, wheremn spiral grinding the second portion comprises cufting

through a fisll depth of material of the humen of the second portion in a spiral pattern.

. The method of claim 50, wheremn spiral grinding the second portion comprises adjusting a

depth of grinding of material of the lumen such that deeper cuts are produced in a
longitudmal direction along a first side of the lumen, thereby umparting a directional

flexibility to the second portion of the Inmen.

. The method of claim 53, wherem adjusting the depth of grinding of the material of the

lnmen comprises carving into at least a quarter of a thickness of the lumen on the first

side of the lumen.

. The method of claim 33, wheremn the first side of the lumen comprises up to one third of a

diameter of the limen.
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56. The method of claim 30, wherem the lumen 1s a hypotube.

37. The method of clatm 30, wherein the lumen is a polvmer material.

58. The method of clatm 50, wherain spiral prinding the second portion comprises laser
abdating an exterior surface of the second portion.

39, The method of clatim 50, wherein the first deflection force is within a range from S5 N to

6.5 N, and the second deflection force is within a range from 2.7 Nto 3.2 N.
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